Allele-specific germ cell epimutation in the spacer promoter of the 45S ribosomal RNA gene after Cr(III) exposure.
Paternal exposure of mice to Cr(III) causes increased tumor risk in offspring; an epigenetic mechanism has been hypothesized. Representational difference analysis of gene methylation in sperm revealed hypomethylation in the 45S ribosomal RNA (rRNA) gene after Cr(III) exposure, compared with controls. The most striking effects were seen in the rRNA spacer promoter, a region in the intergenic region of rRNA gene clusters that can influence transcription. Methylation of the rRNA spacer promoter has not been studied heretofore. Sperm DNAs from Cr(III)-treated and control mice were modified by the bisulfite method followed by PCR amplification of the spacer promoter, including 27 CpG sites. Cloning and dideoxy sequencing identified sequence variants (T or G at base -2214) in the spacer promoter. The T allele had less DNA methylation than the G allele in control mice (17 of 17 clones vs. 42 of 72 clones, P = 0.0004). In spite of diversity of sperm DNA methylation patterns, the DNA clones from Cr(III)-exposed mice had fewer methylated CpG sites, by an average of 19% (P < 0.0001). This difference was limited to the G allele. The pyrosequencing technique was applied to quantify the percentage of methylation directly from amplified PCR products. Strikingly, for nine CpG sites including the spacer promoter core region, hypomethylation was highly significant in the Cr(III)-treated group (paired T test, P < 0.0001). Thus, one allele of the 45S rRNA spacer promoter is hypomethylated in sperm germ cells after Cr(III) exposure. This epimutation may lead to increase of tumor risk in the offspring.